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ABSTRACT OF THE DISCLOSURE 
A water-insoluble alginate salt capsule ?lled with an 

aliphatic amine curing agent for epoxy resins, said amine 
being admixed with a mono- or di-alkyl monophenol and 
a polyhydric phenol. 

This invention relates to improved methods for en 
capsulating certain reactive materials, and to capsules 
containing such materials. In particular, the invention re 
lates to the encapsulation of reactive substances useful 
for curing or hardening epoxy resins, and to the capsules 
containing such substances. 
US. Patent 3,015,128 to Somerville disclOses an ap 

paratus and techniques for enclosing a ?ller material, 
either liquid or solid, in a continuous surrounding ?lm 
of an encapsulating medium. According to the technique 
there disclosed, the material to "be encapsulated is cen 
trifugally projected through a thin ?lm of the encapsulat 
ing material. The capsules formed by passage of the 
?ller material through a ?lm of the encapsulating medi 
um are then suitably hardened by contact with a sub 
stance reactive with the ?lm-forming encapsulating medi 
um to form an impermeable envelope around the ?ller. 

Other techniques for encapsulation are disclosed in 
patents such as US. 2,766,478 to R'aley ‘and US. 2,275, 
154 to Merrill, for example. In the apparatus and tech 
niques discussed in the last-mentioned patent, gravita 
tional vforces are relied upon to cause the formation of a 
capsule by passage of a ?ller through a thin ?lm of the 
encapsulating medium. 
These encapsulation methods are particularly amen 

able to the use, as ?lm forming materials, of aqueous 
suspensions of water-soluble alginate salts, such as sodi 
um, potassium, and ammonium alginates. These ‘salts 
form viscous colloidal solutions in water, and react with 
calcium ion to form insoluble calcium alginate. By con 
tacting capsules having a ?lm of a soluble alginate as 
the shell with a bath containing dissolved calcium ions, 
a hardened calcium alginate shell wall is formed. 

Other water-soluble ?lm-forming materials may rbe 
combined with a soluble alginate to modify the proper 
ties of the resulting shell wall. For example, polyvinyl 
alcohols and gelatin have been used in combinaion with 
soluble alginates as encapsulating media. In certain cases, 
these materials may be used alone as the component of 
the shell wall. 
Although such prior art techniques have proved ade 

quate for the encapsulation of relatively inert materials, 
they are not entirely satisfactory for forming capsules 
containing highly chemically active substances. Chemical 
ly reactive materials, by permeation or attack of the cap 
sule shell walls, tend to escape from capsules in which 
they are present as ?ll materials, thus defeating the pur 
poses of encapsulation. 

This has proved particularly true when attempting to 
encapsulate highly reactive hardeners or curing agents 
capable of curing epoxy resins. The encapsulation of one 
or both components of epoxy resin systems comprising a 
?uid epoxy resin and a hardener or curing agent there— 
for has been suggested in British Patent 765,082, for eX 
ample. The prior art suggests that such encapsulated sys 
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tems would be stable until rupture of the capsules per 
mitted chemical interaction of the resin and hardener. 
However, the hardeners, such as amines, are very ‘fugitive 
substances, and tend to escape the capsules either during 
the capsule forming process or after formation, but prior 
to crushing of the capsule shell wall. 

According to the present invention, it has ‘been found 
that the incorporation of small amounts of a polyhydric 
phenol with a chemically active ?ller material, particular 
‘ly with an amine curing agent capable of curing epoxy 
resins, decreases the loss of amine curing agent through 
the surrounding shell wall materials. 
The amines used for the curing of epoxy resins are 

well known to the art, and are discussed in detail, for 
example, in chapters 3 and 4, incorporated herein by ref 
erence, of “Epoxy Resins, Their Applications and Tech 
nology,” by Lee and Neville, McGraw-Hill ‘Book Com 
pany, Inc. New York (1957). As discussed in these chap 
ters, a variety of aliphatic amines having primary amino 
groups are employed as hardeners. The aliphatic amines 
may be combined in a variety of proportions to produce 
amine blends. ‘Similarly, cyclic aliphatic amines, tertiary 
amines, tertiary amine salts, and aromatic amines can be 
employed for hardening epoxy resins. 
The amines can ‘be altered by reaction with ethylene 

oxide, by cy-anoethylation, or by reaction with materials 
containing glycidyl groups. Commonly owned copending 
patent application Ser. No. 485,557, ?led on even date 
herewith and incorporated herein by reference, teaches 
improved techniques for encapsulating amine curing 
agents for epoxy resins by combining the amines to be 
encapsulated with from about 30 to about 80 percent 
of an alkyl monophenol, by weight of the resulting mix 
ture. As discussed in said copending application, the best 
capsules have been obtained by combining one or more 
water-insoluble alkyl substituted monophenols having one 
or more alkyl side chains each having from 6 to 12 car 
bon atoms, preferably from 7 to 10 carbon atoms, with 
an amine curing agent for epoxies. Typical suitable 
alkyl monophenols include octyl phenol, di-octyl phenol, 
nonyl phenol, and di-nonyl phenol. Particularly good re 
sults have been obtained when alkyl phenols are com 
bined with one or more polyalkylene polyamines of the 
formula. 

where n is an integer from 1 to 3 and R and R’ are each 
lower alkylene, or with an N-aminoalkyl piperazine such 
as N-aminoethyl piperazine, or ‘with mixtures of such 
polyamines and piperazines. Examples of polyalkylene 
polyamines are diethylenetriamine, triethylenetetramine, 
and tetraethylene pentamine. 
According to the present invention, the addition of a 

polyhydric phenol to such combinations gi'ves still greater 
improvement in the properties, particularly the shelf life, 
of capsules formed with such amine-containing mixtures 
as the ?ll material. 

In such mixtures, the polyhydric phenol may be pres 
ent in amounts up to about 10 percent by weight of the 
mixture. The presence of even small amounts, as low as 
1 percent, of polyhydric phenol in the ?ll results in de 
creased loss of amine from the capsules. Although 
amounts of polyhydric phenol greater than about 10‘ per 
cent are not desirable per se, they do bring about a dilu 
tion of the amine ?ll, and the amount polyhydric phenol 
present is preferably kept low. Excellent results have been 
obtained with amounts of phenol of from about 2 per 
cent to about 5 percent, for example. The polyhydric phe 
nols of greatest commercial interest are the dihydroxy 
benzenes and alkyl substituted dihydroxy benzenes. 
These mixtures are conveniently encapsulated within a 
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shell wall comprising soluble alginates alone or in com 
bination with polyvinyl alcohol, polyethylene oxide poly 
mers, acrylic polymers, and/or with gelatin. 

In aqueous suspensions of these materials which are 
prepared for the purpose of encapsulation, the content 
of alginate and other solids present is preferably between 
about 5 to 10 percent by weight. Since hardening of the 
capsule shell wall is primarily effected by conversion of 
water-soluble alginates to insoluble substances, at least 
about 40 to 50 percent by weight of the solids present in 
the aqueous suspension are preferably alginate materials. 
If the percentage of non—alginate solids exceeds more than 
about ‘60 percent by weight of the total solids content 
of the suspension, dif?culty may be had in drying the re 
sulting capsule materials by conventional techniques. 
However, where excess moisture can be removed by the 
use of solid dessicants or the like, smaller quantities of 
alginate in the shell wall-forming solution may be em 
ployed. When gelatin is present in the shell wall solu 
tions, it is preferably present in amounts less than about 
1 percent by weight of the solution. Larger amounts of 
gelatin tend to cause stringing of the shell Wall solution, 
rendering it less adaptable to use in the encapsulation 
processes described. 

Although the nature and properties of the shell wall 
forrning solution may vary depending on the size of the 
capsule to be produced, the material to be encapsulated, 
and speci?c techniques of capsule formation, the solu 
tions employed in forming the capsule shell wall gener 
ally have a viscosity at 25° C. between about 2 stokes 
and about 35 stokes. However, operation is usually in a 
narrower range between about 2 and about 10 stokes, 
and best results are usually obtained when the viscosity 
of the solution is between about 3 and about 7 stokes. 
The production of capsules of a size between 250 

microns and 1500 microns is of greatest interest from the 
point of view of practical application, but still larger or 
smaller particles, up to 2500 microns or as small as 100 
microns, can be made by appropriate variation of the 
encapsulating techniques as described in the prior art. 
The shell wall solutions described above may contain 

optional preservative agents for organic materials, such 
as the alginates, which may be subject to bacterial degra 
dation. Such preservative materials are well known in the 
art, and include materials such as sodium benzoate, form 
aldehyde, the alkyl esters of p-hydroxy benzoic acid, 
mercurials, and the like. These preservatives may be pres 
ent in amounts of up to 0.1 percent or 0.2 percent by 
weight of the solution. 

Additionally, optional surfactant materials may be 
present in the shell wall forming solution to modify its 
viscosity or ?ow properties. Non-ionic and anionic sur 
face active agents have been added in amounts of about 
3 mls. per 1000 grams of suspension, for example. 
A particularly suitable mixture for the formation of 

shell walls is a solution or suspension comprising ?ve 
percent by weight of sodium alginate (“XRA-IO”), 3 
percent by weight of polyvinyl alcohol (“Elvinol 7040-5”), 
and from 0.5-4.0 percent by weight of gelatin (150 or 
300 bloom). Although the grade of gelatin speci?ed above 
is of a particular viscosity, materials giving more viscous 
solutions on dispersion in water can be employed in 
smaller quantities. To maintain the desirable solids con 
tent of the resulting dispersion, the amount of polyvinyl 
alcohol or alginate is then raised correspondingly. The 
polyvinyl alcohol indicated above is one which is sub 
stantially completely hydrolyzed. A high degree of hy 
drolysis in the polyvinyl alcohol is preferred, since hy 
drolyzed materials are less soluble in the organic sub 
stances used as ?ll in the capsules. 

Other typical shell wall formulations are given below 
(all percentages are by weight): 

(A) 
Soluble alginate __________________ __percent__ 
Polyvinyl alcohol _________________________ __ 
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4 
Gelatin __________________________________ __ 1.00 

Water ___________________________________ __ 94.25 

(B) 
Soluble alginate __________________ __percent__ 5.50‘ 
Gelatin __________________________________ __ 0.55 

Water ___________________________________ __ 93.95 

(C) 
Soluble alginate __________________ __per<:ent__ 5.24 
Polyethylene oxide (“Polyox WSR35”) ______ __ 0.42 
Water ___________________________________ __ 94.34 

(D) 
Soluble alginate __________________ "percent" 5.24 
Acrylic polymer (“Cyanamer P~26”) ________ __ 0.42 
Water ___________________________________ __ 94.34 

All of the compositions may be modi?ed by the addi 
tion of minor amounts of surface active agents and/or 
preservatives. 

Prior art techniques for producing multi-walled cap 
sules can also be adapted to the present invention. US. 
Patent No. 2,379,817 to Mabbs, for example, teaches 
methods and apparatus for making multi-walled capsules 
by extrusion techniques using devices with a plurality of 
concentric ori?ces. Suitably, the outer shell comprises a 
hardenable alginate composition, while the inner shell 
comprises a material highly resistant to permeation by 
the encapsulated ?ll. 
A better understanding of the present invention and 

of its many advantages will be had by referring to the 
following speci?c examples given by way of illustration. 

Example 1 

A mixture comprising 40.3 percent by weight of 
N-aminomethyl piperazine, 56.7 percent by weight of 
nonyl phenol, and 3 percent of resorcinol was encap 
sulated by extrusion techniques using a shell wall-forming 
solution comprising 5.25 percent by weight of sodium 
alginate, 0.42 percent by weight of an acrylic polymer 
(“Cyanamer P-26”), and 94.33 percent of distilled water. 
The capsules were projected into a hardening bath of 
aqueous calcium chloride solution and air dried. The dried 
capsules had a ?ll of 56.3 percent by weight of the 
capsule, of which 35.5 percent was amine. 
The capsule formation was repeated using a mixture 

of 48.3 percent by weight of the same amine with 51.7 
percent of alkyl phenol. No resorcinol was present. In the 
resulting capsules, the ?ll was 53.3 percent, and which 
29.0 percent by weight was amine. 

Example 2 

Using a shell wall solution comprising 5.0 percent of 
alginate, 3.5 percent of polyvinyl alcohol, 0.5 percent of 
gelatin, and 91.0 percent of distilled water, a mixture of 
41.0 percent of N-aminoethyl piperazine, 58.0 percent of 
nonyl phenol, and 1.0 percent of resorcinol was encap 
sulated. The dried capsules had a ?ll of 56.7 percent by 
weight, of which 23.1 percent was amine. 
By increasing the amount of resorcinol in the encap~ 

sulating mixture 4.0 percent (the amine comprised 42.6 
percent by weight and the alkyl phenol 53.4 percent by 
weight of the mixture) a ?ll of 52.8 percent was obtained, 
of which 33.2 percent was active amine. 

Example 3 

Using the same shell wall solution as for Example 2, 
a mixture of 40.3 percent of N-aminoethyl piperazine, 
56.7 percent of an alkyl phenol, and 3.0 percent of 4—t 
octylcatechol was encapsulated. The dried capsules had 
a ?ll of 57.1 percent, of which 31.0 percent was amine. 

Example 4 

A solution comprising 40.3 percent of N-aminoethyl 
piperazine, 56.7 percent of alkyl phenol, and 3.0 percent 
of B-methylcatechol was encapsulated. The dried cap 



3,396,116 
5 

sules had a ?ll of 54.5 percent, of which 32.1 percent 
was amine. 

Example 5 
A mixture of 40.3 percent N-aminoethyl piperazine, 

56.7 percent of alkyl phenol, and 3.0 percent of 4-methyl 
catechol was encapsulated. The dried capsules had a ?ll 
of 57.8 percent, of which 29.3 percent was amine. 

Example 6 
A mixture of 40.3 percent of N-aminoethyl piperazine, 

56.7 percent of alkyl phenol, and 3.0 percent of hydro 
quinone was encapsulated. The dried capsules had a ?ll 
content of 56.7 percent, of which 32.5 percent was amine. 

Example 7 
An amine-alkyl phenol mixture as in Example 6, but 

containing 3.0 percent of catechol in place of the hydro 
quinone, was encapsulated. The dried capsules had a ?ll 
of 52.9 percent, of which 32.5 percent was amine. 

Example 8 

A mixture consisting of 17.9 percent of N-aminoethyl 
piperazine, 36.0 percent of diethylene triamine, 44.1 per 
cent of nonyl phenol, and 2 percent of hydroquinone was 
encapsulated, using a shell wall solution comprising 4.5 
percent of sodium alginate, 2.0 percent of polyvinyl alco 
hol, 1.0 percent of 150 bloom gelatin, and water to make 
100 parts. The resulting capsules, which were 500-600 
microns in size, had a ?ll of 51.3 percent, of which 40.6 
percent was amine. 

Example 9‘ 

A mixture of 58.8 parts of diethylene triamine, 39.2 
parts of nonyl phenol, and 2 parts, by weight, of hydro 
quinone was encapsulated, as in Example 8. The resulting 
capsules, which were 500-600 microns in size, had a ?ll 
of 43.8 percent, of which 45.7 percent was amine. 
What is claimed is: 
1. A capsule consisting essentially of (A) at least one 

amine curing agent selected from the group consisting 
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6 
of an N-aminoalkyl piperazine and a polyalkylene poly 
amine of the formula 

wherein n is an integer from 1 to 3 and R and R’ are 
each lower alkylene, in admixture with from about 30 per 
cent to about 80 percent of an alkyl monophenol having 
up to two alkyl side chains each having from 6 to 12 car 
bon atoms, and with from about 1 percent to about 10 
percent of a polyhydric phenol, the percentages being by 
weight of the mixture, and (B) a continuous surrounding 
shell wall envelope consisting essentially of a water 
insoluble alginate salt. 

2. A capsule as in claim 1 wherein said polyhydric 
phenols is a member selected from the group consisting 
of dihydroxy benzenes and alkyl substituted dihydroxy 
benzenes. 

3. A capsule as in claim 1 wherein said amine is 
diethylene triamine. 

4. A capsule as in claim 1 wherein said amine is 
triethylene tetramine. 

5. A capsule as in claim 1 wherein said amine is 
tetraethylene pentamine. 

6. A capsule as in claim 1 wherein said amine is 
N-aminoethyl piperazine. 

7. A capsule as in claim 1 wherein said amine is a mix 
ture of diethylene triamine and N-aminoethyl piperazine. 

8. A capsule as in claim 1 wherein said alkyl mono 
phenol is selected from the group consisting of octyl 
phenol, di-octyl phenol, nonyl phenol, and dinonyl phenol. 
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